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ABSTRACT
We selected 4012 cCTG records (one trace for each patient) performed in healthy pregnancies from
30th to 42nd gestational week using foetal heart rate (FHR), short-term variability (STV), long-term
irregularity (LTI), Delta, approximate entropy (ApEn), spectral components as low frequency (LF), median
frequency (MF), high frequency (HF) and LF/(HFþMF) ratio were analysed. Reference nomograms were
created and sensitivity and specificity for the prediction of foetal compromise were calculated which
were 90% and 89%, respectively. Changes of cCTG parameters according to gestational week were eval-
uated: FHR (r¼.65) and LF (r¼.87) showed a statistically significant reduction (p< .05) with gesta-
tional age. STV (r¼ .59), LTI (r¼ .69), Delta (r¼ .67), and MF (r¼ .88) showed a statistically significant
increase (p< .05) with gestational age. In contrast, for ApEn (r¼.098), HF (r¼ .14) and LF/(HFþMF)
ratio (r¼.47) a non-statistically significant change was found (p> .05). The identification of reference
ranges for cCTG indexes in according to gestational age could provide a more objective examination of
cCTG trace.
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Introduction
Cardiotocography is the most widespread method of foetal
surveillance worldwide. During the last decades, traditional
monitoring systems received a fundamental improvement by
new technological devices allowing the overcoming of sub-
jective interpretation while providing objective information
about foetal wellbeing (Bernardes et al. 1997; Figueras et al.
2005).
Computerised cardiotocography (cCTG) improves foetal
monitoring reliability as it standardises CTG evaluation with
automatic estimation of foetal heart rate (FHR) parameters
(Signorini et al. 2003). In fact, cCTG is characterised by object-
ivity and consistency (Dawes et al. 1996) as it performs an
automatic trace analysis, implementing diagnostic criteria
accepted in clinical obstetric practise (Gagnon et al. 1993;
Pardey et al. 2002).
Nowadays, the available foetal monitoring guidelines,
published by the American College of Obstetricians and
Gynaecologists (ACOG) (ACOG 1989, 1995, 2005, 2009), the
National Institute of Child Health and Human Development
(NICHHD) (Zuspan et al. 1979; NICHHD 1997; Macones et al.
2008), the Royal College of Obstetricians and Gynaecologists
(RCOG) (RCOG 2001), and the National Institute of Clinical
Excellence (NICE) (NICE 2007) focus specifically on
intrapartum monitoring, although some try to apply the
same principles to antepartum tracings (Macones et al.
2008; ACOG 2009). The use of computerised analysis during
the antepartum period has some problems. The first one is
the difficulty of transforming the linguistic description of
FHR parameters into numerical algorithms (Wrobel et al.
2013). Second, even when various algorithms have been
developed, only some cCTG parameters have been investi-
gated. In fact, one of the most widespread system of ana-
lysis, the Oxford Foetal Care System (Serra et al. 2009)
analyses only linear parameters such as baseline foetal heart
rate (Basal FHR), long-term FHR variation (LTV), short-term
FHR variation (STV), episodes of high/low FHR variation,
accelerations and decelerations. While many studies were
based on the Oxford analyses, few studies focussed their
attention on cCTG trace analysis using the 2CTG2 system
that measures additional cCTG parameters such as non-lin-
ear features. Moreover, the major limitations are related to
the few attempts to evaluate clinical implication of cCTG
parameters as the absence of their analysis in relation with
neonatal outcome. Most of the studies focussed on the pre-
dictive value of cCTG parameters considered only their rela-
tion with the Apgar score, not including other important
parameters such as umbilical cord pH at birth (Bernardes
et al. 1997; Park et al. 2001).
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In the present study we investigated several aspects of
cCTG analysis trying to simplify its clinical application.
The aims of our study were:
1. Evaluating how the cCTG (linear and non-linear) parame-
ters analysed with the 2CTG2 system change through
gestation. This could provide new information about the
clinical meaning of numerical parameters, and they, in
turn, may explain physiological or paraphysiological phe-
nomena that occur in foetus.
2. Creating reference normality values for all cCTG parame-
ters investigated, as a function of gestational age, in a
population of healthy pregnancies. Supplementing the
first tables developed by Arduini et al. (1993), we wanted
to provide new reference values for each week, from the
30th to the 42th week, for uncomplicated pregnancies,
based on our clinical experience and using our system.
3. Providing a clinical validation of the 2CTG2 system to
evaluate the usefulness of our system and the new
tables, in relationship with foetal outcome.
Materials and methods
Data collection
This is a prospective study performed from October 2012 to
October 2014. The population study consists of pregnant
women who underwent to antenatal computerised cardioto-
cographic exam at the Department of Obstetrical-
Gynaecological and Urological Science and Reproductive
Medicine of the Federico II University, Naples, Italy. The prin-
ciples of the Helsinki Declaration were followed, and a written
consent authorised the use of clinical information from cCTG
records of each patient for scientific aims. We used Philips
Avalon Foetal Monitor FM30 cardiotocographs, with an ultra-
sound transducer and a transabdominal tocodynamometer.
The Cardiotocograph was interfaced to 2CTG2 system (SEA,
Italy) for computerised analysis (Arduini et al. 1993). We used
Mantel’s algorithm, based on a low-pass digital system that
crosses the tracing five times, starting from a value deter-
mined by histogram analysis of the FHR distribution (Mantel
et al. 1990). In fact, Mantel’s algorithm is generally satisfactory
when the FHR tracings are regular with long and stable FHR
segments, which are found most commonly during the ante-
partum period (Nidhal et al. 2011).
From 9732 cCTG records archived during these years, we
selected 4012 antenatal nonstress cCTG traces from 30th to
42nd gestational week, associated with documented maternal
and foetal normal outcome. cCTG traces were carried out for
routine antenatal care (“term foetuses”) or as control (“pre-
term feuses”, for the study aim). Only one trace per foetus
was analysed and the selected cCTG trace was the first per-
formed at our Department.
Gestational age was obtained from foetal crown-rump
length ultrasonographic measurement performed at 8–14
weeks. The last menstrual period-based date was only cor-
rected if the interval between the ultrasound and the men-
strual dates was greater than 1 week (Butt et al. 2014).
Inclusion criteria were: Caucasian ethnic, singleton healthy
pregnancies, neonatal weight above the 10th percentile for
gestational age and sex (Hadlock et al. 1985), absence of
structural or chromosomal abnormalities, normal umbilical
artery Doppler (Yeh et al. 2012), absence of maternal dis-
eases. Traces from foetuses below the 30th gestational week
were excluded because the most part of them did not meet
the inclusion criteria.
FHR signals were obtained in a controlled clinical environ-
ment, with the mothers lying in a semi-Fowler’s position in a
relaxed condition. Each nonstress test was at least 20minutes
long. The FHR analysis was carried out in each signal using a
10-min segment of trace in order to obtain the same length
of analysis segment. We selected segment in absence of large
FHR alterations (e.g. accelerations and/or decelerations) and
other phenomena such us uterine contraction and/or foetal
movements. Only records of acceptable quality (signal loss
<50%) were included in the study.
The parameters assessed are divided in: time domain
parameters (baseline FHR, STV, LTI, Delta), frequency domain
parameters, computed by adopting a power spectral estima-
tion (LF, MF, HF and LF/(HFþMF) ratio) and nonlinear param-
eter (ApEn).The resulting cCTG indexes were computed for
each gestational week. The cCTG records were divided by
gestational age: 30th week (nrec¼157), 31st week (nrec¼169),
32nd week (nrec¼210), 33rd week (nrec¼217), 34th week
(nrec¼249), 35th week (nrec¼237), 36th week (nrec¼378),
37th week (nrec¼456), 38th week (nrec¼425), 39th week
(nrec¼516), 40th week (nrec¼432), 41st week (nrec¼369),
42nd week (nrec¼197).
Acquisition and elaboration of CTG signals
FHR signals were acquired at a sampling frequency of 2 Hz. If
the signals are measured in beats per minute (bpm), we
called them S120(i), where 120 is the number of samples in a
minute (i); if they are expressed in milliseconds, we called
them T120(i). For the computation of FHR parameters we used
a signal obtained by opportunely under sampling S120(i). This
is accomplished by replacing each group of five consecutive
points in the original series with their average value; in this
way the resulting signal is composed of 24 points per minute
(0.4 Hz). We referred to this signal as S24(i) if the signal is
expressed in bpm, or as T24(i) if it is expressed in millisec-
onds. The 2CTG2 programme always computes the parame-
ters on the entire signal. During the acquisition, all the
parameters are updated every minute.
Baseline, accelerations and decelerations
The baseline is a running average of the FHR where accelera-
tions and decelerations are defined as deviation of the FHR
from the baseline lasting a sufficient amount of time. In the
2CTG2 software, the baseline is computed by using the algo-
rithm developed by Mantel (Mantel et al. 1990; Preboth
2000). Accelerations and decelerations are defined as follows
(Arduini et al. 1993):
 Small acceleration: FHR elevation over the greater baseline
between 10 and 15 bpm for at least 15 s.
 Big acceleration: FHR elevation over the greater baseline
of 15 bpm for at least 15 s.
2 N. GIULIANO ET AL.
 Decelerations:
 FHR lower than the baseline for an amplitude of at
least 20 bpm and for a duration of at least 30 s.
 FHR lower than the baseline for an amplitude of at
least 10 bpm and for a duration of at least 60 s.
Short-term variability
STV quantifies FHR variability over a very short time scale,
usually on a beat to beat basis. In the automated system
2CTG2, this index is implemented by adopting the definition
of Arduini et al. (1993). Given one minute of RR signal, T24(i)
in ms and i[[1;24], STV is defined as
STV ¼ mean T24 iþ 1ð Þ  T24 ið Þj j½ i¼
P23
i¼1
T24ðiþ 1Þ  T24ðiÞj j
23
Arduini excludes from the calculation big accelerations
and decelerations.
Long-term irregularity
Given a three minutes T24(i) signal with i[[1; 72], LTI is
defined as the interquartile range (1/4; 3/4) of the distribution
of the modula m24 (j) with i[[1; 71]
m24 jð Þ ¼ T224 jþ 1ð Þ þ T224 jð Þ
 1=2
The definition is the same provided by De Haan (ACOG
1989), with the exception of a window of 72 (and not 512)
samples long.
Arduini excludes from the calculation big accelerations
and decelerations.
Delta
Given a minute of signal in millisecond T24(i) with i[[1; 24],
Delta is defined as the difference between the maximum and
minimum FHR value,
Delta ¼ maxT24 ið Þ minT24 ið Þ
Arduini et al. (1993) excludes from the calculation big
accelerations and decelerations.
Approximate entropy
ApEn is a collection of statistical indexes. It measures the
regularity and, indirectly, the correlation and the persistence
of a signal: small values indicate reduced signal irregularity.
We use the original definition by Pincus (1995):
ApEn m; rð Þ ¼
PNmþ1
i¼1
logCiðm; rÞ
Nmþ 1 
PNm
i¼1
log Ciðmþ 1; rÞ
Nm
where m is a natural number, r a positive real and N¼ 360.
The approximate entropy is computed over windows of FHR
signal 3min long.
Spectral analysis
Parameters in the frequency domain were obtained from
autoregressive power spectrum estimation. In the FHR
spectrum we identify four contributions: the very low fre-
quency (VLF 0–0.03Hz), which is related to long period and
non-linear contributions, the low frequency (LF 0.03–0.15Hz),
which is mainly correlated with neural sympathetic activity
and the high frequency (HF 0.5–1Hz), which marks the pres-
ence of foetal breathing. The middle frequency (MF
0.15–0.5 Hz) depends on foetal movements and maternal
breathing activity and it is typical of FHR spectrum. LF/
(HFþMF) ratio quantifies the autonomic balance between
neural control mechanisms from different origin (Signorini
et al. 2003).
Statistical analysis
The statistical software package IBM SPSS 20.0 for
Windows was used for data analysis. FHR, STV, LTI, Delta,
ApEn and spectral components, as LF, MF, HF, LF/(HFþMF)
ratio and their distribution throughout third trimester of
gestation were analysed. The Kolgomorov–Smirnov test
for normality showed a non-normal distribution. The
Kruskal–Wallis test was computed to evaluate the statistical
significant variation of cCTG parameters with gestational
age. The relationship between cCTG parameters and gesta-
tional age was analysed through the Spearman’s rank cor-
relation coefficient. Threshold for statistical significance was
p< .05.
The following percentiles for each parameter were calcu-
lated: 5th; 50th; 95th.
In order to verify the clinical validity of our reference
ranges, we realised a second study that included
A new sample of newborns made up 328 babies: 118
with a favourable outcome (pH >7.05 and BD <12mmol/L,
normal Apgar scores >7 both at 1 and 5min, delivery at/or
beyond 37th gestational week, intact survival beyond 28
days of postnatal life), 210 with a unfavourable outcome (pH
<7.05 and BD >12mmol/L, normal Apgar scores <7 both at
1 and 5min, delivery before 37th gestational week, necessity
of “neonatal intensive care unit for 24 h”). Antepartum cCTG
traces performed by their mothers were compared with our
reference ranges. Therefore, ROC curves, sensitivity and speci-
ficity were obtained in consideration of the number of
babies with favourable outcome whose cCTG parameters
were falling between the 5th and the 95th percentile. The
same evaluation was performed for unfavourable outcome
babies.
Results
For all the traces, the median duration of the trace until crite-
ria of reassurance were met (maximum 60min) was 32min
(Preboth 2000).
The median value for each parameter was calculated and
their distribution through gestational age was elaborated. In
Table 1 was reported the median value of cCTG paremeters
first and before the 37th gestational week. FHR and ApEn
showed a progressive decrease throughout pregnancy, while
there is an increase of the values of STV, Delta and LTI.
LF component and MF decreased, while HF increased.
LF/(HFþMF) ratio reduced.
JOURNAL OF OBSTETRICS AND GYNAECOLOGY 3
The Kruskal–Wallis test showed a statistically significant
difference between gestational groups (p< .05) for each par-
ameter except for HF(p¼ .06) and LF/MFþHF ratio(p¼ .75).
Reference normality values for each cCTG parameter
according to gestational age for the 5th, 50thand the 95th
percentile are reported (Table 2).
The Spearman’s rank test (Figure 1) exhibited a decreasing
FHR (r¼.65, p¼ .02), ApEn (r¼.098; p¼ .77), LF compo-
nent (r¼.87; p< .001) and LF/(HFþMF) ratio (r¼0.47;
p¼ .11) with advancing gestational age. However, these ten-
dencies were statistically significant only for FHR and LF com-
ponent (p< .05). In contrast, STV (r¼ .59; p¼ .04), LTI (r¼ .69;
p¼ .01), Delta (r¼ .67; p¼ .02), MF component (r¼ .88;
p< .001), and HF component (r¼ .14; p¼ .65) showed to
increase with advancing gestational age. These tendencies
were statistically significant for STV, LTI, Delta and MF compo-
nent (p< .05). To examine the utility and performance of our
reference ranges sensitivity and specificity were calculated.
We obtained a sensitivity in detecting foetal distress of 90%
and a specificity of 89% (confidence interval for sensitivity:
0.86–0.94; confidence interval for specificity: 0.81–0.93)
(Tables 3 and 4). In Figure 2, ROC curve underlines the high
diagnostic performance of our test with a value of AUC of
0,874(confidence interval: 0.834–0.941; p value< .0001).
Discussion
In the last years, computerised cardiotocography (cCTG) has
established an important role in the medical management of
pregnancy, especially in high-risk patients. The clinical prac-
tise requires a complex examination of pregnancy based on
the combination of several foetal wellbeing methods. So,
many authors tried to analyse the role of cCTG associated
with the most established and well-known methods as
Doppler ultrasonography, underling the high impact of this
method in the clinical decision process. Siristadis had demon-
strated that CTG, when combined with Doppler velocimetry,
increases the clinicians’ ability to accurately identify foetal
hypoxia, and decreases the rate of caesarean section
(Siristatidis et al. 2012). According to this growing role its
necessary try to improve the method reducing its limitations.
In this investigation, a multiparametric analysis of cCTG
signal through different linear and non-linear approaches
both in time and frequency domain was proposed. Unlike
previous studies (Arduini et al. 1993; Serra et al. 2009), this
report offers a wider evaluation of cCTG parameters.
Compared to Arduini’s previous study (Arduini et al. 1993),
we considered a larger sample for the analysis, starting from
the 30th week of gestation and including the impact of spec-
tral analysis. The importance of analysing the trend of cCTG
parameters is related to the necessity of describing foetal
neural response changes.
Our results agree with some previous studies (Dalton et al.
1983; Druzin et al. 1986; Serra et al. 2009), confirming that
there is a significant change in foetal condition throughout
gestation by the synergic action elicited by the Autonomic
Nervous System (ANS) activity, through its sympathetic and
parasympathetic branches (Pillai and James 1990; Guzman
et al. 1996). The most evident modification consists of a sig-
nificant decrease of baseline FHR during gestational age,
which reflects the normal foetal neural maturity, because the
progressive increase in the parasympathetic influence on foe-
tal heart rate results in a gradual lowering of baseline rate.
STV is the most extensively studied parameter of compu-
terised CTG, showing correlation with the presence of meta-
bolic acidosis (Pincus 1991; Anceschi et al. 2003; Serra et al.
2008). In general, large variability reflects a healthy ANS and
also normal activity of chemoreceptors, baroreceptors and
cardiac responsiveness, while a decreased STV is associated
with impending deterioration of foetal oxygen supply and
finally intrauterine death. Overall, the main value of STV, LTI
and Delta assessed by computerised 2CTG2 showed a statis-
tically significant increase with gestational age. In a preterm
period, reduction in foetal baseline variability may be due to
incomplete development of ANS or may be associated to the
characteristic tachycardia. ApEn has been introduced in based
on the theory that human well-being is associated to an high
level of irregularity of biomedical time series (e.g. heart rate,
respiratory acidosis, and dynamics of hormone release)
(Signorini et al. 2003; Xiaotian et al. 2005; Ferrario et al.
2006). We found that the mean value of ApEn showed a
slight negative correlation with gestational age. A previous
study indicated that extremely regular FHR pattern is not
only associated with foetal hypoxaemia and acidosis, but also
with respiratory and metabolic acidosis (Romano et al. 2006).
This is the reason why the computation of ApEn could help
in the detection of the early stages of foetal distress.
Spectral components of cCTG signal are strongly related to
neural cardiovascular control system activity. They provide
quantitative indicators of neural control of the sinoatrial node
which can be useful to help the physician’s evaluation of foe-
tal wellbeing. Numerous experimental and clinical studies
have consistently indicated the LF component as a marker of
sympathetic modulation and HF as a marker of vagal modula-
tion. LF/(HFþMF) ratio is a synthetic index of sympathovagal
balance (Struijk et al. 2001; Zhuravlev et al. 2002). During
pregnancy, its reduction represents an imbalance of sympa-
tho-vagal activity with predominance of parasympathetic
tone. Spectral analysis also revealed a significant reduction of
LF spectral component, because of the increase in the para-
sympathetic influence in cardiac regulation.
A complete evaluation of the clinical usability of cCTG
should include the analysis of the potential adverse effects of
this form of foetal assessment. For a long time CTG was
Table 1. Median value of cCTG parameters evaluated before and after 37
weeks of gestation.
Parameters Before the 37th week After the 37th week
FHR (bpm) 141 ± 8.32 138 ± 8.01
STV (ms) 6.42 ± 2.20 7.12 ± 2.42
LTI (ms) 21.86 ± 6.36 24.34 ± 7.91
Delta (ms) 41.38 ± 11.99 44.37 ± 12.08
ApEn 1.30 ± 0.23 1.26 ± 0.25
LF (ms2) 83.78 ± 5.10 81.87 ± 4.71
MF (ms2) 11.12 ± 4.14 12.35 ± 3.27
HF (ms2) 5.59 ± 3.22 5.81 ± 3.03
LF/(HFþMF) 4.36 ± 2.59 4.06 ± 2.14
FHR: foetal heart rate; STV: short-term variability; LTI: long-term irregularity;
ApEn: approximate entropy; LF: low frequency; MF: median frequency; HF:
high frequency.
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subjected to several criticisms due to the high number of
false negative and false positive of the method with a false
reassurance of foetal well-being for the mother and the
health practitioner in the first case and unnecessary proce-
dures or interventions for mother or foetus or newborn with
increased use of healthcare resources, in the second case
(Grivell et al. 2010). Thus, in this study we tried to elaborate a
new system of classification of cCTG parameters for
Table 2. Reference ranges of the FHR, STV, LTI, Delta, ApEn, and spectral com-
ponents throughout the third trimester of pregnancy, indicating 5th, 50th,
95th centiles.
Gestational weeks 5th 50th 95th
FHR (bpm)
30 132.52 143.20 152.30
31 128.15 140.48 153.92
32 126.14 137.91 150.66
33 130.62 140.01 155.21
34 126.83 138.54 149.55
35 128.58 142.93 157.40
36 127.46 141.34 154.22
37 126.82 139.07 152.23
38 125.41 138.69 153.24
39 127.13 137.93 149.26
40 123.47 137.46 151.52
41 122.13 136.93 152.28
42 121.95 130.95 142.70
STV (ms)
30 2.47 4.84 7.39
31 3.23 6.19 9.62
32 3.64 5.94 11.94
33 3.08 5.75 9.09
34 2.85 5.44 11.53
35 3.32 6.64 9.89
36 3.61 6.53 9.70
37 3.31 6.79 10.58
38 3.96 7.10 10.85
39 3.31 6.72 12.20
40 4.00 7.42 12.41
41 3.51 6.83 11.54
42 3.49 6.22 9.82
LTI (ms)
30 11.46 17.55 27.79
31 11.78 22.41 33.76
32 13.38 21.96 36.56
33 12.17 21.01 34.95
34 10.56 20.34 36.42
35 12.24 21.31 33.79
36 14.02 21.78 31.28
37 12.03 22.99 35.95
38 12.53 24.91 42.87
39 12.79 23.07 38.15
40 14.19 23.82 35.49
41 13.19 24.26 37.19
42 11.09 23.82 37.07
Delta (ms)
30 18.99 35.92 53.09
31 22.77 42.89 69.22
32 26.04 41.75 75.33
33 23.93 40.05 61.49
34 22.16 39.15 64.62
35 19.86 41.76 63.78
36 24.57 41.30 59.84
37 22.04 42.67 63.84
38 26.66 44.92 62.42
39 24.31 43.87 68.99
40 25.90 44.99 63.41
41 24.52 44.57 63.82
42 27.85 45.17 59.29
ApEn
30 0.99 1.25 1.53
31 0.99 1.30 1.62
32 0.98 1.25 1.61
33 1.00 1.29 1.58
34 1.06 1.35 1.68
35 0.94 1.36 1.80
36 0.92 1.27 1.69
37 0.97 1.28 1.65
38 0.91 1.23 1.57
39 0.84 1.19 1.59
40 0.65 1.24 1.90
41 0.98 1.33 1.66
42 0.95 1.29 1.73
(continued)
Table 2. Continued
Gestational weeks 5th 50th 95th
LF (ms2)
30 77.43 84.13 90.94
31 75.78 86.30 91.01
32 75.82 85.90 90.06
33 77.69 83.95 90.47
34 74.82 84.62 90.27
35 75.23 83.80 89.77
36 73.74 83.74 88.66
37 72.26 83.42 90.03
38 71.96 82.81 89.03
39 75.26 81.40 88.20
40 74.15 81.53 88.37
41 74.38 81.90 87.82
42 75.02 80.95 88.78
MF (ms2)
30 6.46 9.80 14.92
31 4.09 8.70 15.27
32 6.58 9.66 16.92
33 7.63 10.04 16.40
34 5.90 9.77 15.56
35 6.03 10.23 17.03
36 7.39 11.14 17.45
37 7.63 11.82 17.99
38 7.30 11.49 17.50
39 7.32 12.40 16.82
40 8.00 13.03 19.16
41 6.65 12.80 18.45
42 6.36 10.72 19.47
HF(ms2)
30 1.79 7.12 11.20
31 1.85 5.46 11.95
32 1.35 3.60 12.17
33 1.74 5.31 11.34
34 1.66 5.12 12.81
35 2.38 5.26 10.92
36 2.18 4.38 10.91
37 1.83 4.50 11.42
38 2.06 4.82 12.87
39 2.06 5.19 11.03
40 2.27 4.87 10.54
41 2.53 4.92 10.01
42 2.22 7.52 11.85
LF/(HFþMF)
30 1.20 3.34 10.30
31 1.24 3.96 9.91
32 0.68 3.72 8.41
33 0.59 3.21 9.22
34 0.71 4.13 9.89
35 0.90 4.40 8.81
36 0.85 4.43 7.77
37 1.02 4.12 9.34
38 0.67 3.95 7.39
39 1.15 4.25 7.34
40 0.78 3.95 7.65
41 1.41 3.48 6.87
42 1.07 3.98 7.97
FHR: foetal heart rate; STV: short-term variability; LTI: long-term irregularity;
ApEn: approximate entropy; LF: low frequency; MF: median frequency; HF:
high frequency.
Results are expressed as median (interquantile range) according to the gesta-
tional age expressed in weeks.
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improving the sensitivity and specificity of the method. The
interpretation of foetal well-being requires a complete evalu-
ation of pregnancy through clinical and instrumental analysis,
but application of a test requires subsequent interpretation
of the results according to what is defined or accepted as
normal and abnormal. In the obstetric field, there is still no
consensus on the best methodology for baseline estimation
in computer analysis of CTG parameters. Many efforts were
spent to find methods which permit to extract meaningful
information, to classify or to describe the complex dynamical
system which controls FHR variability, but with few attempts
in evaluations how use that information. For these reasons
we compared the reference values found with the foetal out-
come, specificity and sensitivity were calculated considering
Figure 1. Relationship between cCTG parameters and gestational age evaluated with Spearman rank test.
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the last cCTG trace performed in the antepartum period
(from the 37th week) for each patient before the onset of a
spontaneous labour or an elective caesarean section. The
89% specificity suggested that an high percentage of foe-
tuses (85%) with a cCTG parameter between 5th and 95th
percentile had a favourable outcome. Moreover, even if the
specificity found is not significantly high, it represents a great
result in comparison with traditional system (Dawes et al.
1991, 1996; Ayres-de-Campos et al. 2005; Costa et al. 2009).
Figure 1. Continued.
Table 3. Relationship between neonatal outcome and antepartum cCTG traces.
Unfavourable
neonatal outcome
Favourable
neonatal outcome
cCTG parameters <5th percentile
or >95th percentile
190 (58%) 13 (3.9%)
cCTG parameters between the 5th
and the 95th percentile
20 (6.1%) 105 (32%)
Table 4. Sensitivity and specificity.
Value Confidence interval (95%)
Sensitivity 90% 0.86–0.94
Specificity 89% 0.81–0.93
False positive 0.114 0.06–0.17
False negative 0.093 0.06–0.13
VPP (positive predictive value) 0.937 0.90–0.97
VPN (negative predictive value) 0.835 0.77–0.90
Relative risk 5.670 3.82–8.43
Odds ratio 75.362 36.40–156.02
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Figure 2. ROC curve underlines the high diagnostic performance of our test
(AUC= 0,874).
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In fact, in our study, only 6,1% of the analysed babies had
unfavourable outcome and antepartum trace between the
5th and the 95th percentile, while 3.9% of the babies with
favourable outcome and cCTG parameters<5th or>95th per-
centile. These results suggest a possible improvement in
pregnancy clinical management through the cCTG antepar-
tum monitoring. A recent Cochrane del 2010 (Grivell et al.
2010) showed a significant reduction in perinatal mortality
using cCTG versus traditional CTG. This study represents a fur-
ther step in this direction and towards the prediction of foe-
tal outcome based on non-invasive and standard technology.
Strength and limitations of the study
Even if our study was based on a large sample of patients, it
was not a multicenter study; so our results could be per-
ceived as of low clinical impact. However, our single-centre
trial was based on a direct evaluation of all aspects of trial
conduct, including data acquisition, quality control, data man-
agement, and data analysis. Moreover, the strength of the
study is related to our evaluation of clinical application of the
reference range calculated throughout the estimation of sen-
sitivity and specificity. Finally, in our previous study
(Annunziata et al. 2016), we showed that cCTG modifications
during the different stages of labour reflected the physiologic
increased activation of the autonomous nervous system. We
believe that the use of computerised FHR analysis performed
during labour it is possible to get more information from foe-
tal cardiac signal, in comparison with the traditional tracing.
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